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1 $r-z$ $r=R(z,t)$ , $b(z, t)$ ,
$\mathrm{u}=(v(z, t),$ $u(z, t))$ , $P(z, t)$ .
$\rho$ , $\rho$
. , $\delta z$ , ,
:
$2\pi\rho Rb\delta z$ ,
$\frac{\mathrm{D}(Rb\delta_{\sim})}{\mathrm{D}t},=Rb\frac{\mathrm{D}(\delta z)}{\mathrm{D}t}+\delta z\frac{\mathrm{D}(Rb)}{Dl}=0$ , (1)
,
$\frac{\mathrm{D}}{\mathrm{D}t}\equiv\frac{\partial}{\partial t}+u\frac{\partial}{\partial\sim\prime}$ .
$\delta t$ $\delta z’$
$\delta_{\sim}^{\gamma’}=\delta z+\frac{\partial u}{\partial z}\delta z\delta t.$ ,
$\frac{\mathrm{D}(\delta\tilde{6})}{\mathrm{D}t}=’\frac{\delta_{\sim}’-\delta\approx}{\delta t}=.\frac{\partial u}{\partial z}\delta z$ , (2)




$v= \frac{\partial R}{\partial t}+u\frac{\partial R}{\partial z}$ , (4)
.
29
, $P$ , $\uparrow\cdot=r_{\mp}$
:
$P= \frac{p_{+}+p_{-}}{2}$ . (5)
, $\sigma$ ,
$f_{\pm}=[1+( \frac{\partial R}{\partial z}\pm\frac{1}{2}.\frac{\partial b}{\partial\approx})^{\mathrm{o}}\sim]^{-1/^{\circ}}\sim$ ,
, $|$. $=’.\pm$
$p \pm=p0\pm\mp\sigma[\frac{f_{\pm}}{R\pm b/2}-(\frac{\partial^{\nu}\sim R}{\partial z^{\underline{\mathrm{o}}}}\pm\frac{1}{2}\frac{\partial^{\mathrm{o}}\vee b}{\partial_{Z^{\sim}}^{9}})f_{\pm}^{3}]$,
.
, $|$), 2 $F_{z}$
$F_{z}=2 \pi[\Delta P(R\frac{\partial R}{\partial z}+\frac{b}{4}\frac{\partial b}{\partial z})-Rb\frac{\partial P}{\partial z}]\delta z$ , (6)
. ,
$\Delta P=p_{+}-p_{-}$ . (7)
, $r$ $F_{r}$
$F_{r}=-2\pi\Delta PR\delta z$ , (8)
.
$2 \pi\rho Rb\delta z\frac{\mathrm{D}u}{\mathrm{D}t}=F_{z}$ , $2 \pi\rho Rb\delta z\frac{\mathrm{D}v}{\mathrm{D}t}=F_{r}$ . (9)
, :
$\frac{\partial u}{\partial t}+u\frac{\partial u}{\partial z}$ $=$ $- \frac{1}{\rho}\frac{\partial P}{\partial_{\sim}},$ $+ \frac{\Delta P}{\rho Rb}(R\frac{\partial R}{\partial z}+\frac{b}{4}\frac{\partial b}{\partial z})$ , (10)
$\frac{\partial v}{\partial t}+u\frac{\partial v}{\partial z}$ $=$ $- \frac{\Delta P}{\rho b}$ . (11)
, (3), (4), (10), (11) .
, , Lee Wang
( ) . , ,
$b$ $b/\partial z$ , , $P$ $(p0++p0-)/2$ , $\Delta P$ $p0++P\mathfrak{o}-+$
$\sigma[2/[R\sqrt{1+(\partial R/\partial z)^{2}}]-2(\partial^{2}R/\partial z^{2})/[1+(\partial R/\partial z)^{2}]^{3/2}]$ .
$\text{ }$ , .
, $\text{ }$ .
3
,




$p_{0-}-p_{0+}= \frac{2\sigma R_{0}}{R_{0}^{2}-b_{0}^{2}/4}$ (13)
. , $k,$ $\omega$ , , $\exp[\mathrm{i}(kz-\omega t)]$
. , (12) ,
$|$), :
$(\omega^{*}-k^{*}\sqrt{We})^{4}$ $+$ $\frac{b_{0}^{*}}{2}[(\frac{b_{0}^{*}k^{*2}}{2}+\frac{2}{b_{0}^{*}})[\frac{1+b_{0}^{*2}/4}{(1-b_{0}^{*2}/4)^{2}}-k^{*2}]+\frac{b_{0}^{*}}{(1-b_{0}^{*2}/4)^{2}}](\omega^{*}-k^{*}\sqrt{We})^{2}$
$+ \frac{b_{0}^{*2}k^{*2}}{4}[k^{*2}-\frac{1}{(1+b_{0}^{*}/2)^{2}}][k^{*2}-\frac{1}{(1-b_{0}^{*}/2)^{2}}]=0$ . (14)
, $\sqrt{2\sigma/\rho b_{0}}$ , $R0$ ,
$k^{*}\omega^{*}$
) ’ $b_{0}^{*}$ , We :
$\omega^{*}=\frac{R_{0}\omega}{\sqrt{2\sigma/\rho b_{0}}}$ , $k^{*}=kR_{0}$ , $b_{0}^{*}= \frac{b_{0}}{R_{0}}$ , $We= \frac{\rho b_{0}u_{0}^{2}}{2\sigma}$ . (15)
(14) $b_{0}^{*}$ 0 Lee Wang [5]
$(\omega^{*}-k^{*}\sqrt{We})^{2}[(\omega^{*}-k^{*\sqrt{We})^{2}}+(1-k^{*2})]=0,$ (16)
.
(14) , $k^{*}$ \mbox{\boldmath $\omega$}1 , $\omega^{*}$
$Im(\omega^{*})$ . , $\omega^{*}$ kl
, $k^{*}$ $Im(k^{*})$ . 2 $We=0$
. (a), (b) $b_{0}^{*}=0.1$ 08 .
.
, [1]
. , Lee Wang , (
) [5]. , (b) $(2<k<3)$ ‘ ’
, . ,
. , $b_{0}^{*}$ 0 $karrow\infty$
, $b_{0}^{*}$ .
, 3 $We=4$ . ,
, $b_{0}^{*}$ , ( , ) ,
, $\omega^{*}\sim 2$ $(b_{0}^{*}=0.1)$ . $b_{0}^{*}$ ,
$(b_{0}^{*}=0.5)$ .










2: $k^{*}$ } Im($\omega$ ); $(\mathrm{a})b_{0}^{*}=0.1,(\mathrm{b})b_{0}^{*}=0.8$ .
, ( ), .
, $M(t)$ (
$M(t)/M(0)<0.001$ ) , .
, 3 , , 1000
5 .
4.1
$t^{*}=0$ $k^{*}$ $(\exp[\mathrm{i}k^{*}z’])$ .
, $u_{0}^{*}=0$ $We=0$ , $0\leq z^{*}\leq 2\pi/k^{*}$
. 4 , $\dot{\text{ }}$ $b_{0}^{*}=0.1$






. , , .
, 5 .
$k^{*}=1.5$ , v* 30 % . (a) $b_{0}^{*}=\mathrm{U}.1$
i , (b) $b_{0}^{*}=0.3$ . , (a)
,
, (b) . ,
.
6 Lee Wang . (a), (b)
5(a), (b) . $\text{ }$ ,














































( $z$ ”, $r^{*}$ ) ; (a) (b)
, .
4.2
$\approx^{*}=0$ $\omega^{*}$ $(\exp[\mathrm{i}\omega^{*}t’])$ . $We=4$ ,
$b_{0}^{*}=0.1$ , $0\leq z^{*}\leq 50$ . 7 $\omega^{*}=1$
. (a) $v^{*}$ } 10 %
, (b) $u^{*}$ } 10 % . ,
. , (a) , (Sealing-Off)
.
, 8 $\omega^{*}=4$ . (a)
(b) . 7 , ,













8: ( $z^{*}$ , $r^{*}$ ) $;(\mathrm{a})$ , (b)
36
5, $\text{ }$ $p0-$ , –
.
. ,
0 1 . , ,
(10)(11) \mbox{\boldmath $\tau$} . ,
$V(t)$ , $\alpha$ $p_{0-}(t)/p0-(0)=[V(t)/V(0)]^{\alpha}$
$P\mathrm{o}-(t)$ ( $\alpha=100$ ). ,
, ,
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